Abstract: The taxonomy of the synnematous genera Cephalotrichum, Doratomyces and Trichurus, and other related genera Gamsia, Wardomyces and Wardomycopsis, has been controversial and relies mainly on morphological criteria. These are microascaceous saprobic fungi mostly found in air and soil and with a worldwide distribution. In order to clarify their taxonomy and to delineate generic boundaries within the Microascaceae, we studied 57 isolates that include clinical, environmental and all the available ex-type strains of a large set of species by means of morphological, physiological and molecular phylogenetic analyses using DNA sequence data of four loci (the ITS region, and fragments of rDNA LSU, translation elongation factor 1α and β-tubulin). The results demonstrate that Cephalotrichum, Doratomyces and Trichurus are congeneric and the genus Cephalotrichum is accepted here with Echinobotryum as a further synonym. The genera Acaulium and Fairmania, typified by A. albonigrescens and F. singularis, respectively, are distinct from Microascus and Scopulariopsis, Gamsia is distinct from Wardomyces, and Wardomycopsis is confirmed as a separate genus in the Microascaceae. Two new species of Cephalotrichum are described as C. brevistipitatum and C. hinnuleum. Nine new combinations are proposed, i.e. Acaulium acremonium, A. caviariforme, Cephalotrichum asperulum, C. columnare, C. cylindricum, C. dendrocephalum, C. gorgonifer, Gamsia columbina and Wardomyces giganteus. A neotype is designed for C. stemonitis. Lectotypes and epitypes are designated for A. acremonium, A. albonigrescens, C. gorgonifer, C. nanum and W. anomalus. Cephalotrichum cylindricum, C. microsporum, F. singularis and Gamsia columbina are also epitypified with new specimens. Descriptions of the phenotypic features and dichotomous keys for identification are provided for accepted species in the different genera.
INTRODUCTION
The family Microascaceae, as established by Luttrell (Malloch 1970a) , currently accommodates a morphologically heterogeneous group of fungi, comprising saprobic and plant pathogenic species. Some species of Microascaceae are opportunistic pathogens of humans and show intrinsic resistance to antifungal agents , Sandoval-Denis et al. 2013 , Lackner et al. 2014 .
the phylogeny and taxonomy of several lesser-known genera of the Microascaceae are still unresolved. Current concepts of the synnematous genera Cephalotrichum, Doratomyces and Trichurus, and the related genera Gamsia, Wardomyces and Wardomycopsis, having conidia with germ slits, are based exclusively on morphological criteria. Ex-type cultures are unavailable for several species of these genera and DNA sequences are scarce or of doubtful quality.
Cephalotrichum Link (1809) is tied to C. stemonitis (formerly Periconia stemonitis) after it was lectotypified by Hughes (1958) . It is characterised by the production of dry conidia in basipetal chains from percurrently extending (annellidic) conidiogenous cells that arise on the upper part of large dark pigmented synnemata (Abbott 2000) . According to Index Fungorum Cephalotrichum currently comprises 68 species, 25 of them of uncertain application. Doratomyces (Sturm 1829) , typified by D. neesii, currently includes 22 species, five of them of uncertain application and shares morphological characteristics with Cephalotrichum. Since the application of Cephalotrichum was unclear to them, Morton & Smith (1963) considered the former as a possible synonym of Doratomyces whereas other authors, following the lectotypification of the genus by Hughes (1958) , considered Cephalotrichum as the correct name for this genus (Carmichael et al. 1980 , von Arx 1981 , Abbott 2000 , Seifert et al. 2011 , de Beer et al. 2013 ). Cephalotrichum was sanctioned by Fries (1832) , and it is currently included in the proposed List of Protected Fungal Generic Names (Kirk et al. 2013) . Trichurus (Clements 1896 ) is typified by T. cylindricus and currently comprises five species. It is also morphologically similar to Cephalotrichum and Doratomyces, but distinguished by the presence of setae on the upper part of the synnemata (Morton & Smith 1963) . However, detailed ultrastructural studies on the synnematal morphogenesis suggested that the sole presence of setae might not support their distinction as a different genus (Hasselbring 1896 , Swart 1964 , Hammill 1977 , Abbott 2000 . Abbott (2000) studied a large set of strains belonging to these fungi and concluded that the three genera were congeneric, which led to numerous proposed new combinations, but they were not formally published.
Wardomyces (W.), typified by W. anomalus, is characterised by polyblastic conidiogenous cells borne on undifferentiated hyphae and dark, 0-1-septate conidia with characteristic longitudinal germ slits. The generic concept was expanded with the inclusion of W. columbinus, showing a secondary type of conidia formed on annellides (Hennebert 1968) and with the addition of W. aggregatus, W. dimerus and W. simplex, all having septate annelloconidia (Gams 1968 , Sugiyama et al. 1968 , Malloch 1970b . Wardomyces columbinus and W. ovalis were transferred to the genus Hennebertia and W. dimerus to Gamsia, typified with G. dimera (Morelet 1969) , but these transfers were not widely accepted , Seifert et al. 2011 , Whitton et al. 2012 . Although lacking synnemata, Wardomyces has been shown to be phylogenetically related to Cephalotrichum (Issakainen et al. 2003 , Lackner et al. 2014 . Wardomycopsis (Ws.), typified by Ws. inopinata (Udagawa & Furuya 1978) , is similar to Wardomyces in the presence of dark conidia with longitudinal germ slits, but differs in that the conidia are borne on annellidic conidiogenous cells and are arranged in short chains. Its phylogenetic position is still unresolved, although it has been shown that Wardomycopsis species cluster as a distinct and well-supported lineage within the Microascaceae (Sandoval-Denis et al. 2016).
In this study a polyphasic approach is carried out, using phenotypic features and DNA sequence data for all available living type material and several authentic and reference strains from public collections, to resolve the taxonomy of main genera of Microascaceae including Cephalotrichum, Doratomyces and Trichurus, characterised by the production of synnemata, and Gamsia, Wardomyces and Wardomycopsis characterised by dark conidia with germ slits.
MATERIALS AND METHODS

Isolates
Fifty-six isolates belonging to 29 species of Cephalotrichum, Doratomyces, Gamsia, Microascus, Scopulariopsis, Trichurus, Wardomyces and Wardomycopsis were examined, including all the available ex-type cultures for the mentioned species. Type material was obtained from the collections of the CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands (CBS); Facultat de Medicina, Universitat Rovira I Virgili, Reus, Spain (FMR), Institute of Hygiene and Epidemiology-Mycology Laboratory, Brussels, Belgium (IHEM), UAMH Centre for Global Microfungal Biodiversity, University of Toronto, Canada (UAMH) and the University of Texas Health Science Center at San Antonio, Texas, USA (UTHSCSA) ( Table 1) , and from different herbaria for which acronyms are listed according to Index Herbariorum (http://sweetgum.nybg.org/science/ih/).
Phenotypic characters
The isolates were grown on oatmeal agar (OA; 30 g of filtered oat flakes, 20 g of agar, 1 L of distilled water), potato-carrot agar (PCA; 20 g each of filtered potatoes and carrots, 20 g of agar, 1 L of distilled water) and potato dextrose agar (PDA, Pronadisa, Spain), incubated in the dark at different temperatures (5-40°C at intervals of 5°C) and examined at 7, 14 and 28 d to determine colony growth rates. Cultural and micro-morphological characteristics were recorded after 14 d of incubation at 25°C on OA. Colour notations were from Kornerup & Wanscher (1978) . Measurements and descriptions of microscopic structures were made using an Olympus CH2 light microscope (Olympus Corporation, Tokyo, Japan). Photographs were made using a Zeiss Axio Imager M1 light microscope (Zeiss, Oberkochen, Germany) with a mounted DeltaPix Infinity X digital camera using Nomarski differential interference contrast and phase contrast optics or using an Olympus SZ61 stereomicroscope with a mounted Olympus SC30 digital camera (Olympus, Tokyo, Japan). Cardinal temperatures were determined using PDA plates incubated at temperatures ranging from 5 to 40°C at 5°C intervals, including 37°C.
DNA extraction, sequencing and PCR amplification The ITS region (ITS) of nuclear rDNA (nrDNA), spanning the ITS1, 5.8S and ITS2 regions, was amplified using the primer pair ITS5/ITS4 (White et al. 1990) . LSU nrDNA region, spanning the variable domains D1-D3, was amplified using the primer pair LR5/LR0R (Vilgalys & Hester 1990 , Vilgalys & Sun 1994 . In addition, two protein coding genes were also used. Partial fragments of the translation elongation factor 1α (EF-1α) and β-tubulin (TUB) genes were amplified using the primer pairs 983F/2218R (Rehner & Buckley 2005) and BT2a/BT2b (Glass & Donaldson 1995) , respectively. Sequencing was made in both directions with the same primers used for amplification at Macrogen Europe (Macrogen Inc. Amsterdam, The Netherlands). Consensus sequences were obtained using SeqMan v. 7.0.0 (DNASTAR Lasergene, Madison, WI, USA). Sequences newly generated in this study and their GenBank accession numbers are shown in Table 1 .
Sequence alignment and phylogenetic analysis
Alignments of individual genes were created in MEGA v. 6 (Tamura et al. 2013) , using the ClustalW function and refined in the same platform manually or using Muscle (Edgar 2004) . The best-fit models of evolution for the four genes tested (GTR+I+G for LSU, ITS and EF-1α; and HKY+I+G for TUB) were selected following the Akaike criterion (AIC) (Posada & Buckley 2004) implemented in MrModelTest v. 2.3 (Nylander 2004 ). Microascus longirostris (CBS 196.61) and Scopulariopsis brevicaulis (MUCL 40726) were used as outgroups. Maximum likelihood (ML) analyses were performed using MEGA v. 6 with NearestNeighbour-Interchange as a heuristic method. Gaps were treated as partial deletions with a 95 % site coverage cut-off. Robustness of the branches was estimated using a bootstrap analysis of 1 000 replicates (Felsenstein 1985) . Bootstrap values 70 % were considered significant. Bayesian (BI) analyses were conducted on MrBayes v. 3.2 (Huelsenbeck & Ronquist 2001 ) and involved two parallel runs of four incrementally heated Markov Chains starting from a random tree topology. The analyses lasted for 5 M generations with a sampling frequency of every 100 generations. The 50 % majority rule consensus trees and posterior probabilities (pp) were calculated after discarding 25 % of the initial trees for burn-in. Posterior probability values equal or above 0.95 were considered significant. The resulting trees were plotted using FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). Individual datasets of ITS, LSU, EF-1α and TUB were assessed for potential incongruence before being concatenated into a combined dataset. If conflict between clades with significant ML and BI support was observed, the individual phylogenies were considered to be incongruent (Mason-Gamer & Kellogg 1996 , Wiens 1998 ). However, since no incongruences were found, all genes were combined for the final phylogenetic analyses. The alignments originated in this study have been deposited in TreeBASE (http://www.treebase.org) and taxonomic novelties in MycoBank (Crous et al. 2004) .
RESULTS
The final dataset comprised 2 595 characters (819 characters for LSU, 504 for ITS, 772 for EF-1α and 500 for TUB) and included 584 parsimony-informative positions (74 for LSU, 119 for ITS, 162 for EF-1α and 229 for TUB) from 56 isolates. The resulting ML phylogenetic tree ( Fig. 1) resolved 27 wellsupported terminal clades distributed in six main lineages (I-VI), which corresponded to six different genera, i.e. Acaulium, Cephalotrichum, Fairmania, Gamsia, Wardomyces and Wardomycopsis. Lineage I corresponded to the genus Cephalotrichum which encompassed 12 terminal clades (C1-C12); nine of which included an ex-type, ex-neotype or ex-epitype strain of a known species. Two clades (C4 and C10) corresponded to new species described here as C. brevistipitatum and C. hinnuleum, and clades C5 and C7 included a single strain which were identified respectively as C. purpureofuscum and C. verrucisporum (see notes on those species). The species phylogenetically attributed to Cephalotrichum are characterised by forming synnematous conidiophores with or without sterile distal setae and annellidic conidiogenesis producing smooth or rough conidia arranged in basipetal chains.
Lineage II showed considerable phylogenetic diversity among species of Wardomyces that grouped into six clades distributed into three paraphyletic sublineages. Each of these six clades (W1-W6) included an ex-type or authentic strain for the species. Members of this lineage are characterised by the formation of usually branched conidiophores with polyblastic conidiogenous cells producing solitary, dark 1-2-celled conidia bearing a germ slit. An exception is W. ovalis (clade W5) that presented secondary annellidic, hyaline, 1-celled conidia arranged in chains. Given the lack of clear morphological differences, we interpreted these six clades as belonging to Wardomyces sensu lato.
Lineage III corresponded to the genus Gamsia and comprised two terminal clades (G1 and G2), which represented two known species. Members of this lineage are characterised by usually unbranched conidiophores bearing polyblastic conidiogenous cells, and 1-celled, dark, solitary conidia provided with germ slits, and secondary, 1-2-celled, hyaline annelloconidia in long chains.
Lineage IV comprised three terminal clades (A1-A3), each of which included an ex-type or a reference strain of a known species. One of them, Microascus albonigrescens, is the type species of the obscure genus Acaulium, which is reintroduced here. Acaulium is characterised by annellidic conidiogenesis, guttulate conidia and mycelium forming abundant hyphal fascicles.
Lineage V included three clades (Ws1-Ws3) corresponding to the genus Wardomycopsis and the currently accepted species Ws. litoralis, Ws. humicola and Ws. inopinata. Although the extype strain of Ws. inopinata, the type species of the genus, was unavailable for study, specimens in clade Ws2 were considered representative of that species in that they match morphologically with the protologue of Ws. inopinata (Udagawa & Furuya 1978 Description and illustrations: Morton & Smith (1963) .
Notes: Delacroix (1897) described Monilia acremonium from rotten paper found in garbage, but no type material is known. The ex-type strain of Scopulariopsis danica, studied here and considered a heterotypic synonym of S. acremonium, can be still recognised by its morphological features, although, as previously documented, this culture is in bad condition with poor sporulation (Morton & Smith 1963) . Holotype material is unavailable for this species. However, the protologue contains an illustration that serves as lectotype, which is designated and reproduced here (Fig. 3) . Given that only a limited number of strains of A. acremonium exist and in order to fix the use of the name, we have selected the strain MUCL 8274 as epitype. Although it has conidia slightly smaller (5-12 × 3-6 μm) than those described in the protologue of M. acremonium, their size ranges are close to that given by Morton & Smith (1963) for S. acremonium. A number of additional North American isolates from soil and clinical sources examined by one of us (Abbott 2000) are consistent with S. acremonium as circumscribed by Morton & Smith (1963) and support the epitypification proposed here. This species has been reported as causing skin and nail infections in humans (de Hoog et al. 2011) ; however, its identification from cases of proven clinical infection has not been confirmed by molecular methods (Sandoval-Denis et al. 2013 ). Acaulium acremonium is only known by its asexual morph characterised by large, often pointed ovate conidia produced on long cylindrical and somewhat curved annellides borne on branched or unbranched conidiophores. The closely related species A. albonigrescens produces smaller (5.5-8 × 2-3.5 μm), clavate to cylindrical conidia with rounded apices, formed on straight cylindrical annellides and the species further differs by showing a sexual morph.
Acaulium albonigrescens Sopp, Skr. Vidensk.-Selsk. Christiana Math.-Nat. Kl. 11: 70. 1912 . Fig. 4 Description and illustrations: Barron et al. (1961) .
Notes: Although no authentic material exists and Morton & Smith (1963) list the species as "unidentifiable", the modern concept of this taxon (as Microascus albonigrescens) was based in herbarium material and a living isolate described by Barron et al. (1961) . The protologue of the species includes numerous drawings and aquarels which are thus proposed here as lectotype (Fig. 5 ). The isolate studied and proposed as epitype (IHEM 18560) conforms with the morphological characteristics of descriptions of M. albonigrescens by Barron et al. (1961) , Udagawa & Awao (1969) , von Arx et al. (1988) , and Lumley et al. (2000) . Acaulium albonigrescens forms white colonies, guttulate, cylindrical to clavate, hyaline conidia (5.5-8 × 2-3.5 μm), and has a sexual morph characterised by lunate ascospores with rounded ends. Acaulium caviariforme, the other species of the genus producing a sexual morph, has darker colonies, shorter, obovoid to ellipsoidal, brown conidia (5-7 × 3-5 μm) and fusiform ascospores. Acaulium albonigrescens is a well-circumscribed species described from soil, dung and wood in northern areas (Scandinavia, northern North America and Japan). 
Description and illustrations: Malloch & Hubart (1987).
Notes: This species was originally placed in Microascus based on morphological features of the well developed sexual morph (Malloch & Hubart 1987) . Phylogenetic analyses have demonstrated, however, that it grouped in a lineage separate from the above mentioned genus (Issakainen et al. 2003 . In our phylogenetic analysis, the ex-type culture of A. caviariforme grouped with high statistical support with species of Acaulium. Acaulium caviariforme is morphologically similar to A. albonigrescens; both species produce sexual and asexual morphs in culture. However, A. caviariforme has fusiform, pale orange to copper-red ascospores, measuring 6-9 × 2-3 μm, and brown, obovoid to ellipsoidal conidia, 5-7 × 3-5 μm; ascospores of A. albonigrescens are smaller (3.5-5.5 × 2-3.5 μm), lunate and red-brown, and its conidia are clavate to cylindrical, hyaline and narrower (5.5-8 × 2-3.5 μm). Acaulium caviariforme appears to occupy a unique niche, having been isolated from meat in caves in Europe and North America. Colonies growing slowly to moderately fast, velvety, powdery, floccose, funiculose or fasciculate, flat, white, becoming pale to dark grey. Hyphae subhyaline to dark brown, rarely hyaline, thinand smooth-walled. Conidiophores arising from the substratum or from the aerial mycelium, branched or unbranched, septate, smooth or finely ornamented, often aggregated in synnemata. Conidiogenous cells commonly penicillately arranged, annellidic, flask-shaped, subhyaline to dark brown and smooth-walled. Conidia basipetal, catenate, dry, 1-celled, obovoid, ellipsoidal, globose to subglobose broadly truncate at the base, hyaline or subhyaline, thin-or thick-walled, smooth or distinctly verrucose.
Synnemata with a pale brown to black stipe and fertile at the upper portion forming a rounded to cylindrical sporulating head; sterile setae can be formed at the upper part of the synnemata, septate, long, cylindrical, branched or unbranched, straight or coiled. A second asexual state (referred as echinobotryum-like synasexual morph) can be present: conidiogenous cells polyblastic, borne solitary or on short penicillate conidiophores on the hyphae or on the synnemata; conidia grouped in clusters, oval to fusiform, often with a pointed apex, dark brown, verrucose and thick-walled.
Type species: Cephalotrichum stemonitis Link.
Notes: Cephalotrichum and other genera of the Microascaceae such as Microascus, Scopulariopsis and the recently proposed genus Fuscoannellis (Jagielski et al. 2016 ) have very similar conidiogenous apparatus, and asexual morphs of the genera could be hardly distinguished from each other, especially when isolates grow on rich culture media like PDA. However, although conidiophores in the three latter genera can arise from dense hyphal mycelial fascicles, they never form synnemata. Other genera of Microascaceae having synnematous conidiophores include Parascedosporium, Petriella and Scedosporium, but the conidia of these genera are produced in slimy masses and sexual morphs are produced in many species (Lackner et al. 2014) . Cephalotrichum produces conidia in dry basipetal chains and sexual morphs are unknown. Description and illustrations: Wright & Marchand (1972) .
Notes: This clade includes isolates obtained from different environmental sources, as well as from clinical human specimens mainly from lower respiratory tract. However, its inability to grow at 37°C (Table 2) suggests that its isolation from clinical samples could represent environmental contamination.
Abbott (2000) considered this species a synonym of C. purpureofuscus s. lat. based on a broad range of variation in the ornamentation patterns of the conidia seen by light microscopy and SEM. Our phylogenetic results, however, showed that the two are not conspecific and can be easily differentiated by the morphology of their conidia. The conidia of C. asperulum (CBS 582.71) are apically pointed and coarsely roughened with a spiralsculpted appearance, while those of C. purpureofuscum (UAMH 9209) are smooth to finely roughened with a slender pointed apex.
Cephalotrichum brevistipitatum Sandoval-Denis, Guarro & Gen e, sp. nov. MycoBank MB814530. Fig. 8 . Etymology: From the Latin words brevis-small and stipes-tree trunk, "short-stiped", referring to the short synnemata.
Colonies on OA and PCA reaching 47-50 mm diam in 14 d at 25°C, flat, velvety with scarce aerial mycelium, front and reverse golden grey (4C2). On PDA reaching 31-33 mm diam in 14 d at 25°C, radially folded, velvety to felty, olive-brown (4D3/4E3), with regular margin; reverse olive-brown (4D3). Hyphae septate, hyaline to pale brown, smooth-and thin-walled, 1.5-4 μm wide. Acaulium A. acremonium − + n/a n/a n/a 5-12 × 3-6 Obovate, smooth and hyaline n/a n/a + + + + + −
A. albonigrescens + + 3.5-5.5 × 2-3.5 Lunate n/a 5.5-8 × 2-3.5 Cylindrical to clavate, smooth and hyaline n/a n/a + + + + − −
A. caviariforme + + 6 -9 × 2-3 Fusiform n/a 5-7 × 3-5 Obovoid to ellipsoidal/ smooth/brown n/a n/a + + + + − − Cephalotrichum C. asperulum − + n/a n/a 120-1 000 5-8.5 × 3-4 Oval to ellipsoidal, rough, pale brown n/a n/a + + + + + − C. brevistipitatum − + n/a n/a 300-500 6-7 × 3.5-4 Ellipsoidal, smooth to finely roughened, pale brown n/a n/a − + + + + − C. columnare − + n/a n/a 50-500 5.5-7.5 × 2.5-4 Oval to ellipsoidal, assymetrical, smooth, brown-black n/a n/a + + + + + + C. cylindricum − + n/a n/a 450-700 4.5-6 × 2.5-3.5 Oval to ellipsoidal, smooth, pale green n/a n/a + + + + + + C. dendrocephalum − + n/a n/a 1 000-2 000 5-7 × 2.5-3.5 Oval to ellipsoidal, smooth, grey-brown n/a n/a + + + + + − C. gorgonifer − + n/a n/a 500-1 000 4-8 × 2.5-4 Oval to ellipsoidal, smooth, pale brown n/a n/a + + + + + + C. hinnuleum − + n/a n/a 800-1 600 6-7.5 × 2.5-4 Subglobose to ellipsoidal, smooth, pale brown 8.5-10 × 5.5-7 Oval to navicular, warted, brown
C. microsporum − + n/a n/a 500-1 000 3.5-5 × 2-3 Oval to ellipsoidal, smooth, green-brown n/a n/a − + + + − − C. nanum − + n/a n/a 500-2 000 6-8.5 × 4.5-7.5 Subspherical to oval, coarsely warted, greybrown n/a n/a + + + + − − C. purpureofuscum − + n/a n/a 800-1 600 5-8 × 3-4.5 Oval to ellipsoidal, smooth or slightly roughened, greenbrown n/a n/a + + + + + − C. stemonitis − + n/a n/a 2 000-3 000 6-9 × 4-5 Ellipsoidal to cylindrical, smooth, pale greenbrown 8-19 × 6-7.5 Fusoid, coarsely warted, dark-brown C. verrucisporum − + n/a n/a 1 000-3 000 6-9 × 3-5.5 Globose to oval, rough, dark brown n/a n/a + + + + − − Fairmania F. singularis + + 4.5-7 × 4-6 Heart shaped n/a 4-7.5 × 3-5 Obovate to clavate, finely striate, pale brown n/a n/a + + + + − − Gamsia G. aggregata − + n/a n/a n/a 8-10.5 × 3.5-5 Ellipsoidal, rounded or appiculate/hyaline (2-celled) 4-7.5 × 3.5-5 Oval to broadly ellipsoidal, smooth, dark brown
n/a n/a n/a 5-10.5 × 2.5-5.5 Oval, smooth/hyaline (1-2-celled) 6-13 × 3.5-6.5 Oval to ellipsoidal, smooth, dark brown
Wardomyces W. anomalus − + n/a n/a n/a n/a n/a 4-8 × 3.5-6 Oval, smooth, dark brown
n/a n/a n/a 6.5-14 × 3.5-5 Ellipsoidal, smooth, dark brown
W. humicola − + n/a n/a n/a n/a n/a 9-12 × 2.5-5.5 Navicular, smooth, dark brown
W. inflatus − + n/a n/a n/a n/a n/a 6-8 × 3.5-5 Ellipsoidal to cylindrical, smooth, dark brown
W. ovalis − + n/a n/a n/a 5.5-10 × 3.5-6 Oval, smooth/hyaline to subhyaline (1-celled) 7-11 × 4-5 Ellipsoidal, smooth, dark brown
W. pulvinatus − + n/a n/a n/a n/a n/a 5.5-10 × 3-4.5 Navicular, smooth, dark brown
Wardomycopsis n/a n/a n/a n/a n/a n/a n/a
Ws. humicola − + n/a n/a n/a 4-5 × 2.5-3 Ovate to cylindrical, smooth, smokey brown n/a n/a
Reniform to triangular (1 germ pore) n/a 4-5.5 × 4-5.5 Globose to subglobose, smooth, olive-brown n/a n/a
Ws. litoralis − + n/a n/a n/a 5-7 × 3-4.5 Obovoid to broadly ellipsoidal, smooth, dark olive brown, n/a n/a − + + + + + n/a, not available; n/d, not determined.
PHYLOGENY OF THE SYNNEMATOUS GENERA OF MICROASCACEAE AND RELATIVES
www.studiesinmycology.org
Conidiophores unbranched or sparingly branched, often consisting of single annellides borne sessile on the aerial hyphae or in groups of 2-3 annellides on short basal cells, 4-5 × 3-4 μm, pale brown, smooth-and thin-walled, usually forming synnemata. Synnemata 300-500 μm high, stipes pale brown to brown, 9-14 μm wide, conidial heads brown, subglobose, ellipsoidal or short clavate; setae absent. Annellides ampulliform, 6-9 × 2.5-3.5 μm, subhyaline to pale brown, smooth-and thinwalled. Conidia ellipsoidal, 6-7 × 3.5-4 μm, with truncate base and rounded apex, pale brown, smooth-and thin-walled, arranged in long chains.
Cardinal temperatures for growth -Optimum 25-30°C, maximum 35°C, minimum 15°C. Notes: Cephalotrichum brevistipitatum is morphologically similar to C. purpureofuscum. However, the latter species has larger synnemata (800-1600 μm high) with compact black stipes and apically pointed conidia. Cephalotrichum brevistipitatum has conidia with rounded apices and small synnemata, up to 500 μm high, with brown stipes formed by somewhat loose, pale brown hyphae. Descriptions and illustrations: Swart (1967) , Abbott (2000) .
Notes: Synnemata are more reduced than in most other species of Cephalotrichum. Abbott (2000) suggested a morphological similarity to synnemata seen in asexual morphs of Kernia species (described as Scopulariopsis morphs) and some Graphium species, but molecular data confirm a close relationship between C. columnare and other species in Cephalotrichum (Fig. 1) . In the study of Abbott (2000) , several isolates of C. columnare did not produce synnemata in culture and recent isolations of this species from indoor environments show a propensity of synnema production to be reduced or disappear after primary isolation and overall sporulation to be sparse. We were also unable to obtain synnemata from the ex-type culture (CBS 159.66) in this study; however, the isolate produced dry conidia in chains characteristic of Cephalotrichum instead to conidia in slimy heads typical of Graphium and Kernia asexual morphs (Lackner et al. 2014) .
Cephalotrichum columnare morphologically resembles C. brevistipitatum and C. microsporum. However, the conidia of C. brevistipitatum are pale brown and smooth to finely roughened (6-7 × 3.5-4 μm), while those of C. microsporum are brown and smaller (3.5-5 × 2-3 μm). In addition, these two species have colonies with a faster growth rate (47-50 mm and 26-37 mm diam, respectively, in 14 d at 25°C). By contrast, C. columnare produces asymmetrical, dark brown, smooth-walled conidia Description and illustrations: Swift (1929), Abbott (2000) .
Notes: Our phylogenetic and morphological results support the designation of the epitype culture selected by Abbott (2000) , which is formally proposed here. Only three species of Cephalotrichum produce setae in the upper part of the synnemata, i.e., C. cylindricum, C. dendrocephalum, and C. gorgonifer. Cephalotrichum cylindricum can be differentiated by the production of straight, unbranched or branched setae on synnemata 450-700 μm tall with brown stipes. By contrast, C. dendrocephalum and C. gorgonifer, produce undulating and spirally twisted setae, respectively, and synnemata >1 000 μm tall with dark brown to black stipes. Description and illustrations: Udagawa et al. (1985) , Abbott (2000) .
Notes:
The presence of characteristic undulating branched setae on large synnemata is a distinctive morphological characteristic of this species (see notes on C. cylindricum). In the absence of setae, C. dendrocephalum can be confused with C. purpureofuscum. However, C. dendrocephalum exhibits brown to grey conidia, measuring 5-7 × 2.5-3.5 μm, with rounded or pointed apex, and grey colonies with a growth rate 18-39 mm diam in 14 d at 25°C; while C. purpureofuscum produces somewhat larger (5-8 × 3-4.5 μm) green-brown pointed conidia, and dark grey to black colonies with a faster growth rate (44-56 mm diam in 14 d at 25°C). PHYLOGENY OF THE SYNNEMATOUS GENERA OF MICROASCACEAE AND RELATIVES www.studiesinmycology.org Notes : Zhang et al. (2014) proposed Cephalotrichum heliciforme as nomen novum for Trichurus spiralis Hasselbr. to avoid nomenclatural conflict with the recently described species Cephalotrichum spirale by , which was characterised by the spiral pattern of roughness on the conidial surface. However, according to the International Code of Nomenclature (ICN) for algae, fungi and plants, a new combination is required for C. heliciforme as there is an older epithet available for this species (Trichurus gorgonifer). Therefore, the new combination C. gorgonifer is proposed and C. heliciforme is reduced to a synonym. Because type material for T. gorgonifer is unexistent, an illustration included in the protologue reproduced here (Fig. 13 ) serves as lectotype of C. gorgonifer. In addition, to asure the availability of information for modern identification, an epitype culture is designated.
The widespread species C. gorgonifer has been commonly known as T. spiralis, and it is a common inhabitant of soil and decaying vegetable material. However, the majority of isolates included in this study were from human clinical samples, mainly hair and respiratory specimens. Although C. gorgonifer is able to grow at human physiological temperature, the potential pathogenic role of this species is uncertain since no clinical data are available.
Cephalotrichum gorgonifer is morphologically similar to C. cylindricus and C. dendrocephalus, but it is easily recognisable by its spirally coiled setae. Strains with poorly developed or lacking synnematal setae could be confused with C. purpureofuscum, however the conidia of the latter species are brown with slightly pointed apices, while those of C. gorgonifer are grey-brown with rounded apices.
Cephalotrichum hinnuleum Sandoval-Denis, Guarro & Gen e, sp. nov. MycoBank MB814531. Fig. 14 . Etymology: From the Latin hinnuleus-fawn, referring to the brown "fawn" colour of the colony reverse.
Colonies on OA and PCA reaching 32-38 mm diam in 14 d at 25°C, flat, velvety to floccose with a regular margin, obverse and reverse brown-grey to olivebrown (4F2/4F3). On PDA reaching 29-30 mm diam in 14 d at 25°C, velvety to felty, golden grey to brown-grey (4C2/D2) with regular margin; reverse at first golden grey to brown-grey (4C2/D2), turning pale brown to brown (6D7/6E7) with age by the production of a non-diffusible pigment. Hyphae septate, subhyaline to pale brown, smooth-and thin-walled, 2-4 μm wide. Conidiophores PHYLOGENY OF THE SYNNEMATOUS GENERA OF MICROASCACEAE AND RELATIVES www.studiesinmycology.org branched, septate, 12-19 × 2-3 μm, pale brown, smooth-and thin-walled, commonly aggregated in dense synnemata. Synnemata 800-1 600 μm high, stipes compact, dark brown to black, 10-30 μm wide, conidial heads grey, clavate to ellipsoidal; setae absent. Annellides ampulliform to cylindrical, 5.5-9 × 2-3.5 μm, subhyaline to pale brown, smooth-and thinwalled. Conidia subglobose to ellipsoidal, 6-7.5 × 2.5-4 μm with truncate base and pointed apex, pale brown, smooth-and thin-walled, arranged in long chains. An echinobotryum-like synasexual morph can be present, producing conidia from short penicillate conidiophores, 10-15 × 2.5-3 μm, on the top of synnemata or on the hyphae; conidia oval to navicular, 8.5-10 × 5.5-7 μm, with truncate base and pointed apex, dark brown, coarsely verrucose, thick-walled.
Cardinal temperatures for growth -Optimum 15-25°C, maximum 30°C, minimum 5°C. Notes: Cephalotrichum hinnuleum and C. stemonitis are the only species of the genus producing an echinobotryum-like synasexual morph. The former species is easily distinguished by its smaller (8-10 × 5.5-7 μm versus 8-19 × 6-7.5 μm in C. stemonitis) and unbeaked, echinobotryum-like conidia. In addition, the most striking feature of this new species is the presence of a non-diffusible brown pigment in the colony reverse on PDA.
Cephalotrichum microsporum (Sacc.) P.M. Kirk, Kew Bull. 38: 578. 1984 Morton & Smith (1963) , Ellis (1971) , Domsch et al. (2007) .
Descriptions and illustrations:
Notes: This is one of the most commonly isolated species of Cephalotrichum and has been studied as a potential source of keratinases for industrial applications (Gradisar et al. 2000 , Hublin et al. 2002 . Abbott (2000) examined numerous isolates of this species from diverse geographical origins and its morphological observations agree with ours. In order to fix the name of this taxon, we have selected the strain CBS 523.63 as epitype. Cephalotrichum microsporum is morphologically similar to C. purpureofuscum. However, C. microsporum produces synnemata 500-1 000 μm long, smooth conidia measuring 3.5-5 × 2-3 μm, and grey colonies, while C. purpureofuscum has larger synnemata (up to 1 600 μm long), smooth to finely roughened, larger conidia (5-8 × 3-4.5 μm) and has dark grey to black colonies. 
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Descriptions and illustrations: Morton & Smith (1963), Ellis (1971), Domsch et al. (2007).
Notes: Cephalotrichum nanum is a common species on dung. This species is distinguished by its large, globose to subglobose and coarsely warted conidia, 6-8.5 × 4.5-7.5 μm, which resemble those of Scopulariopsis brevicaulis, from which it clearly differs in the colony colour (dark grey-brown, turning black-grey in C. nanum, tan in S. brevicaulis) and in the production of well-developed, black synnemata. Cephalotrichum asperulum is a further similar species, but its conidia are narrower (5-8.5 × 3-4 μm), oval to ellipsoidal and finer roughening.
According to Hughes (1958) and Seifert (1985) , Ehrenberg's herbarium material of Periconia nana was deposited in B, DAOM and L. However, material in B does not exist anymore as is presumed to be lost during the Second World War (Dr. Robert Lücking, pers. comm.). Original material was located in L and, in order to stabilise the use of the name, it is designated here to serve as lectotype. In addition, the species is epitypified with the strain CBS 191.61, which matches with the species concept by Hughes (1958) . Notes: No single morphological feature distinguishes this commonly reported species, and it can more easily be described as lacking distinctive characters than defined by recognisable features such as setae, echinobotryum-like synasexual morph roughened conidia, or spores of particularly large or small dimensions. Not surprisingly, it has been described in the literature on a number of occasions. Here, of the four isolates originally received as C. purpureofuscum (Table 1 ), only that studied by Abbott (2000) could correspond to such species (UAMH 9209); the other three have been reidentified as C. brevistipitatum, C. gorgonifer and C. microsporum. Cephalotrichum purpureofuscum is morphologically similar to C. cylindricum and C. gorgonifer, all having similar oval to ellipsoidal, brown conidia, and synnemata of similar size. However, the absence of setae is the most relevant distinctive feature of C. purpureofuscum. Also, its conidia are slightly larger (5-8 × 3-4.5 μm) and smooth to finely roughened, while those of C. cylindricum and C. gorgonifer are always smooth and measure 4.5-6 × 2.5-3.5 μm and 4-8 × 2.5-4 μm, respectively. The absence of an echinobotryum-like state easily separates this species from C. stemonitis.
Several recently described species (i.e., C. longicollum, C. macrosporum, C. oblongum and C. terricola) are here considered probable synonyms of C. purpureofuscum based on their morphological similarity and molecular comparisons of ITS sequences available in GenBank (see notes on doubtful species). Abbott (2000) studied a large set of isolates of C. purpureofuscum from different substrates and geographic origins, and selected a putative ex-epitype culture, however, it was not formally proposed. The species concept presented and illustrated here centres on UAMH 9209, which was also characterised based on DNA sequence data. However, considering that we have not had access to the type material (BPI) and that the species seems not to be properly characterised, no epitype is designated at the moment until additional isolates can be morphologically and molecularly analysed for a correct circumscription of the species. Morton & Smith (1963) , Domsch et al. (2007) .
Descriptions and illustrations:
Notes:
The main distinguishing morphological characteristic of this species is the presence of an echinobotryum-like synasexual morph with fusiform, coarsely warted and apically beaked conidia, 8-19 × 6-7.5 μm (Abbott 2000) . The other species exhibiting an echinobotryum-like morph is C. hinnuleum, but C. stemonitis is different by robust synnemata of 2 000-3 000 μm tall, smooth conidia measuring 6-9 × 4-5 μm, and the shape and size of the echinobotryum-like conidia. Cephalotrichum hinnuleum has shorter synnemata 800-1 600 μm tall, narrower (6-7.5 × 2.5-4 μm), smooth to finely verruculose conidia, and the echinobotrym-like morph exhibits smaller (8.5-10 × 5.5-7 μm), oval to navicular verrucose and slightly pointed conidia. In addition, the latter species produces a nondiffusible, pale brown to brown (6D7/E7) pigment on PDA.
Only four specimens were located in the herbarium Persoon in L. However, all four are labelled as P. stemonitis, and none of them is regarded as type. Since the holotype of Isaria stemonitis seems to be lost, a neotype specimen and an ex-neotype culture are designated here to fix the use of the name. 
Description and illustration: Jiang & Zhang (2008).
Notes: Although the holotype of C. verrucisporum (HSAUP 05 1029, preserved at the Herbarium of the Shandong Agricultural University: Plant Pathology, China) was not available for morphological comparison, in GenBank there was an ITS sequence from the ex-type strain (accession number JX537968), which had 100 % similarity with the strain CBS 187.78 examined here. The molecular and morphological data confirm this taxon as a distinct species of Cephalotrichum.
Cephalotrichum verrucisporum is morphologically similar to C. asperulum. Both species produce rough-walled conidia with a spiral-sculpted ornamentation. However, synnemata are up to 3 000 μm tall and the conidia are ovoid and darker in C. verrucisporum, whereas synnemata are up to 1 000 μm tall and conidia are oval to ellipsoidal and pale brown in C. asperulum. The latter species is also able to grow at 35°C, whereas, according to our data, the maximum temperature for growth in C. verrucisporum is 30°C. Colonies restricted, velvety to felty with granular centre, flat, white, becoming grey-white with dark centre. Hyphae hyaline, thin-and smooth-walled. Conidiophores undifferentiated, usually unbranched and borne laterally on the hyphae, hyaline. Conidiogenous cells annellidic, short-cylindrical, subhyaline to pale brown, smooth-walled. Conidia obovoid to cylindrical, dark brown, smooth-and thick-walled with one to several longitudinal striations. Ascomata superficial or immerse, perithecial, black, hairy, often with a well-developed neck. Asci irregularly oval, evanescent, 8-spored. Ascospores 1-celled, broadly lunate, golden yellow, pale brown in mass, smooth, with a single germpore.
Type species: Fairmania singularis Sacc.
Notes: This monotypic genus differs from the other members of
Microascaceae by its conidia with several longitudinal striations. Whether these striations participate in conidial germination has been controversial (Barron 1966) . However, our observations showed that germination actually occurs laterally from the striations, confirming the observations by Barron (1966) , that they function as germ slits.
Fairmania singularis Sacc., Ann. Mycol. 4: 276. 1906 . Fig. 20 Descriptions and illustrations: Barron et al. (1961) , Udagawa (1963) , von Arx et al. (1988) .
Notes: Malloch & Cain (1971) studied Saccardo's original material of F. singularis and concluded that it is morphologically identical to M. doguetii. Both species were then synonymised and placed in Microascus, M. singularis having priority. This synonymy was also accepted by von Arx et al. (1988) .
However, the longitudinal striations in the conidial wall and presence of erect and thick-walled annellides are singular features of this species, which are absent in all genera of Microascaceae, and considered here of taxonomic value for the reintroduction of this obscure genus. Previous phylogenetic analyses supported such morphological differences (Issakainen et al. 2003 . Colonies grey to black, compact and slow growing. Hyphae mostly superficial, hyaline, thin-and smooth-walled. Conidiophores mostly undifferentiated, unbranched or sometimes once or twice branched, borne laterally on the hyphae, septate, hyaline, smooth-walled. Conidiogenous cells and conidia of two types: i) conidiogenous cells polyblastic, cylindrical with a swollen apical part, hyaline, smooth-walled; conidia borne solitary in lateral succession and forming large apical clusters, 1-celled, ovoid to broadly ellipsoidal, flat at the base, brown to black, smooth-and thick-walled, often with a longitudinal germ slit; ii) conidiogenous cells annellidic, sometimes grouped in sporodochia, subulate to cylindrical, hyaline, smooth-walled; conidia catenate, 1-2-celled, oval to ellipsoidal, truncate at the base, hyaline, smooth-and thin-walled.
Type species: Gamsia columbina (Demelius) Sandoval-Denis, Guarro & Gen e.
Notes:
The genera Gamsia and Hennebertia were simultaneously erected to accommodate those Wardomyces species that have 1-septate annelloconidia (Morelet 1969) , being competing synonyms. The selection of Gamsia was posteriorly settled when Ellis (1976) took up only this name. However, our morphological study demonstrated that the conidial septation is not a constant character in this genus. In contrast, the lack of well-differentiated conidiophores, and the conidial arrangement with large apical clusters which resemble the echinobotryum-like synasexual morphs of Cephalotrichum more than those of Wardomyces, justifies the separation of the two genera, which is also supported by phylogenetic results. 
Description and illustrations: Malloch (1970b).
Notes: This species can be easily recognised by its broadly ellipsoidal to ovoid solitary conidia, measuring 4-7.5 × 3.5-5 μm, and having a rounded apex. It also produces abundant sporodochia composed of annellides bearing 2-celled, hyaline, ellipsoidal conidia of 8-10.5 × 3.5-5 μm. The other species of the genus, G. columbina, has larger (6-13 × 3.5-6.5 μm), oval to ellipsoidal, solitary conidia with slightly pointed apices, its annellides are solitary or grouped in sporodochia, and form 1-2-celled, oval annelloconidia of 5-10.5 × 2.5-5.5 μm.
Gamsia columbina (Demelius) Sandoval-Denis, Guarro & Gen e, comb. nov. MycoBank MB814578, Fig. 22 PHYLOGENY OF THE SYNNEMATOUS GENERA OF MICROASCACEAE AND RELATIVES www.studiesinmycology.org Descriptions and illustrations: Gams (1968) , Hennebert (1968) and Sugiyama et al. (1968 Sugiyama et al. ( , 1969 .
Notes: This species has been isolated from air, soil and decaying wood (Gams 1968 , Ellis 1976 , and was associated with loss of weight and tensile strength in maplewood .
Several authors have discussed the relationship between the species originally included in Wardomyces, i.e. W. columbinus, W. dimerus, W. ovalis and W. simplex (Hennebert 1968 , Gams 1968 , Morelet 1969 , Sugiyama et al. 1969 , all forming two types of conidia in culture: one dark, thick-walled and with a longitudinal germ slit, arising singly on the conidiogenous cells, and the other with hyaline, thin-walled scopulariopsis-like annelloconidia. Morelet (1969) proposed the genera Gamsia and Hennebertia to include species with septate and aseptate annelloconidia, respectively. Nevertheless, neither Gamsia nor Hennebertia have been widely accepted (Ellis 1971 , 1976 , Whitton et al. 2012 ). Of these two competing simultaneously published synonyms only Gamsia was taken up, e.g. by Ellis (1971) . Our molecular phylogeny shows that W. columbinus, a species described with only aseptate annelloconidia, belongs to the same clade as W. dimerus and W. simplex. Moreover, Gams (1968) and Sugiyama et al. (1969) reported both aseptate and septate annelloconidia in cultures of W. dimerus and W. simplex. Conidial septation thus is not a reliable criterion for generic delimitation of Gamsia. The species name W. columbinus has priority over the latter W. dimerus and W. simplex, and since only dried type material is available for this species we have selected an ex-epitype culture from the authentic material of W. columbinus studied by Hennebert (1968) .
Gamsia columbina is morphologically very similar to G. aggregata, but can be distinguished by having larger and pointed solitary conidia (see notes on G. aggregata). Descriptions and illustrations: Brooks & Hansford (1923) , Dickinson (1964) , Domsch et al. (2007) .
Notes: Judging from our phylogenetic results, the species of Wardomyces do not form a monophyletic group, being scattered in three closely related lineages. The small genetic distances and inconsistent morphological differences observed between the three groups do not support the proposal of a generic status for the lineages.
To date, only Wardomyces giganteus has been described with a sexual morph, which closely resembles those observed in Microascus and Scopulariopsis. However, it can be differentiated by significantly larger ascomata, ascospores with two germ pores and dark, solitary conidia with a longitudinal germ slit, features that are never present in the other two genera sensu stricto.
Wardomyces anomalus F.T. Brooks & Hansf., Trans. Brit. mycol. Soc. 8: 137. 1923 . Fig. 23 . Descriptions and illustrations: Brooks & Hansford (1923) , Hennebert (1962) .
Notes: This species has been isolated from frozen stored meat and eggs, and from soil and marine environments (Dickinson 1964) , and is associated with the production of antioxidant compounds (Abdel-Lateff et al. 2003) . This is the type species of Wardomyces, however, no holotype material was cited in the protologue and neither is present in the different herbaria we checked (BPI, BR, CGE, E, or K) and therefore, it is presumed lost. Isotype dry material was deposited in IMI (Kew, England) and is proposed here as lectotype. Since an ex-type or exisotype culture does not exist, we selected an epitype culture from the authentic material referenced in Brooks & Hansford (1923) and studied here.
Wardomyces anomalus is similar to W. inflatus exhibiting hyaline, inflated to barrel shaped conidiogenous cells and similar conidial size. However, the conidia of the former species are ovoid with pointed apex and measure 4.5-8 × 3.5-6 μm, while those of W. inflatus are ellipsoidal to cylindrical with a rounded apex and measure 6-8 × 3.5-5 μm.
Wardomyces giganteus (Malloch) Sandoval-Denis, Guarro & Gen e, comb. nov. MycoBank MB814579. Descriptions and illustrations: Malloch (1970a), Guarro et al. (2012) .
Notes: This species was originally described in Microascus because of the characters of its sexual morph. However, the morphology of the asexual morph, with polyblastic conidiogenus cells and dark, thick-walled conidia with a longitudinal germ slit does not match with the morphological characteristics of the asexual morphs of Microascus or Scopulariopsis. In addition, the morphology of its sexual morph is slightly different from Microascus; W. giganteus has large hairy ascomata and reniform ascospores with two polar germ pores. Several phylogenetic studies (Issakainen et al. 2003 point toward Wardomyces, which also agrees with the morphological evidences.
Wardomyces giganteus morphologically resembles W. humicola and W. pulvinatus, mainly in the characters of the asexual morph. However, in addition to the presence of a sexual PHYLOGENY OF THE SYNNEMATOUS GENERA OF MICROASCACEAE AND RELATIVES www.studiesinmycology.org morph in W. giganteus, this species has 1-celled, ellipsoidal and pointed conidia 6.5-14 × 3.5-5 μm, borne from hyaline, mostly solitary conidiogenous cells. In contrast, W. humicola exhibits 2-celled, ellipsoidal to navicular conidia, slightly smaller (9-12 × 2.5-5.5 μm), while the conidia of W. pulvinatus are 1-celled, smaller (5.5-10 × 3-4.5 μm), typically papillate and formed on pale brown conidiogenous cells. 
Wardomyces humicola
Description and illustrations: Hennebert (1962).
Notes: This fungus was isolated from soil in Africa, Asia, Europe and North America (Hennebert 1962 . It is phylogenetically and morphologically similar to W. pulvinatus; both species producing penicillate conidiophores and pointed conidia. However, the conidia of W. humicola are 2-celled, measuring 9-12 × 2.5-5.5 μm and are formed on hyaline, barrel-shaped conidiogenous cells, while those of W. pulvinatus are 1-celled, 5.5-10 × 3-4.5 μm, and are formed on pale brown conidiogenous cells.
Wardomyces inflatus (Marchal) Hennebert, Trans. Brit. mycol. Soc. 51: 755. 1968 . Fig. 26 . Basionym: Trichosporum inflatum Marchal, Champ. copr. Belg. 7: 142. 1896. Descriptions and illustrations: Hennebert (1962 Hennebert ( , 1968 .
Notes: Hennebert (1968) discussed the morphological similarity between W. hughesii and Trichosporum inflatum and, despite some morphological discrepancies, they were considered as conspecific. Our molecular results confirm this synonymy.
The morphological features of the conidiogenous cells (markedly constricted at the septum) and conidia (ellipsoidal to cylindrical with rounded apices, 6-8 × 3.5-5 μm) in W. inflatus clearly differentiate this species from the other members of the genus. Wardomyces anomalus, its closest phylogenetic and morphological relative, has barrel-shaped conidiogenous cells and somewhat smaller (4.5-8 × 3.5-6 μm), ovoid and pointed conidia.
Wardomyces ovalis W. Gams, Trans. Brit. mycol. Soc. 51: 798. 1968 
Description and illustrations: Gams (1968).
Notes: Wardomyces ovalis resembles W. anomalus and W. inflatus. However, it is unique in the genus by the production of additional scopulariopsis-like conidiation, which is characterised by hyaline to subhyaline, 1-celled, smooth-walled conidia (5.5-10 × 3.5-6 μm) from hyaline, cylindrical annellides (6-10 × 2-4 μm).
Wardomyces pulvinatus (Marchal) C.H. Dickinson, Trans. Brit. mycol. Soc. 49: 521. 1966 . Fig. 28 Descriptions and illustrations: Dickinson (1964 Dickinson ( , 1966 , Ellis (1971) .
Notes: This species has been isolated from soil and on decaying leaves of Pandanus tectorius (Dickinson 1966 , Whitton et al. 2012 .
Wardomyces pulvinatus strongly resembles W. humicola, both having navicular and pointed solitary conidia on barrelshaped conidiogenous cells and mostly penicillately branched conidiophores. However, the conidia of W. pulvinatus are 5.5-10 × 3-4.5 μm, 1-celled, typically papillate at the apex and commonly secede, carrying a portion of the conidiogenous cell. In addition, that species is the only one in the genus forming sporodochia in culture. In contrast, the conidia of W. humicola are slightly larger (9-12 × 2.5-5.5 μm), non-papillate and 2-celled.
Wardomycopsis Udagawa & Furuya, Mycotaxon 7: 92. 1978 .
Type species: Wardomycopsis inopinata Udagawa & Furuya.
Descriptions and illustrations: Barron (1966) , Udagawa & Furuya (1978) .
Notes: Wardomycopsis closely resembles Wardomyces, especially in the early stages of conidiation, both genera forming darkly pigmented conidia with a single longitudinal germ slit (Barron 1966) . However, the conidiogenesis and arrangement of conidia in Wardomycopsis are more similar to those of Scopulariopsis and Fairmania species (i.e., formation of basipetal conidial chains on annellidic conidiogenous cells) rather than to Wardomyces species (i.e., formation of solitary conidia on polyblastic conidiogenous cells). The conidia of Scopulariopsis spp. are arranged in long chains and lack germ slits, while those of Fairmania present numerous (1-5) longitudinal striations.
Wardomycopsis humicola (G.L. Barron) Udagawa & Furuya, Mycotaxon 7: 96. 1978 . Fig. 29 . Basionym: Scopulariopsis humicola G.L. Barron, Antonie van Leeuwenhoek 32: 294. 1966 . 
Description and illustrations: Barron (1966).
Notes: Wardomycopsis humicola is a soil-borne, seldom observed species. It is phylogenetically close to Ws. inopinata, but differs in its pale brown, ovate to cylindrical conidia (4-5 × 2.5-3 μm) and absence of sexual morph. By contrast, Ws. inopinata has olivaceous brown, globose to subglobose conidia (4-5.5 × 4-5.5 μm) and can produce ascomata in culture (Udagawa & Furuya 1978) . Udagawa & Furuya, Mycotaxon 7: 92. 1978 . Fig. 30 Synonym: Microascus inopinatus Udagawa & Furuya, Mycotaxon 7: 91. 1978 . Descriptions and illustrations: Udagawa & Furuya (1978) .
Wardomycopsis inopinata
Notes: This is the only species of the genus for which a sexual morph has been described. It is characterised by slowly forming ostiolate ascomata (up to 350 μm diam) and straw-coloured, reniform to triangular ascospores (3-3.5 × 2.5-3 μm) with a single germ pore. Nonetheless, the sexual morph was not observed in either of two isolates studied here. Although the holotype (NHL 2767, preserved at the National Institute of Hygienic Sciences, Tokyo, Japan) or ex-type cultures of Ws. inopinata are unavailable for comparison, the morphology of the asexual morph of the soil isolates investigated from Myanmar agrees with that of the protologue of Ws. inopinata, which was based on a soil isolate from Thailand (Udagawa & Furuya 1978) . The phylogenetic analysis confirmed this taxon as different from the previous three species accepted in the genus. Wardomycopsis inopinata is characterised by globose to subglobose, olivaceous brown conidia, measuring 4-5.5 × 4-5.5 μm, on flask-shaped or cylindrical, 2.5-3 μm wide annellides; Ws. humicola produces narrower ovoid to cylindrical, smoky brown conidia (4-5 × 2.5-3 μm) on barrel-shaped annellides (1.5-2.5 μm wide); and Ws. litoralis has obovoid to broadly ellipsoidal, dark olive conidia (5-7 × 3-4.5 μm) and wider ampulliform annellides (3.5-5 μm wide). et al., Mycotaxon 105: 197. 2008 . Fig. 31 . Notes: Wardomycopsis litoralis was originally described on the basis of morphological features and ITS sequence analysis (Silvera-Sim on et al. 2008). Our polyphasic approach confirms this taxon as a distinct phylogenetic species of Wardomycopsis, being characterised by dark olive brown, obovoid to broadly ellipsoidal and smooth, short-catenate conidia (5-7 × 3-4.5 μm) borne on hyaline to subhyaline ampulliform annellides (5.5-7.5 × 3.5-5 μm).
Wardomycopsis litoralis
Silvera
DISCUSSION
This work adds relevant data to build a more natural taxonomy of the Microascales, and particularly of the Microascaceae. Previous studies have reviewed the molecular phylogenetic relationships among members of this family (Lackner & de Hoog 2011 , Lackner et al. 2014 , providing a broad phylogenetic backbone through a molecular overview of this group of fungi. It was demonstrated that this family shows an intricate phylogenetic structure composed of several genera that share similar ecological and morphological features (Lackner & de Hoog 2011 , Lackner et al. 2014 , Jagielski et al. 2016 . Due to the lack of DNA sequences in public databases and the paucity of phylogenetic studies, several genera of the family, particularly those with synnematous conidiophores or conidia with germ slits were still of uncertain affinities. We studied a large set of isolates, including all the available living type material, of the synnematous genera Cephalotrichum, Doratomyces, Trichurus, their closest phylogenetic relatives Wardomyces and Wardomycopsis, and several related taxa of uncertain taxonomic position.
The morphology of the sexual morphs is very homogeneous in Microascaceae and particularly among Acaulium, Fairmania, Fuscoannellis, Microascus, Pithoascus, Pseudoscopulariopsis, Scopulariopsis, Wardomyces and Wardomycopsis; this explains the former placement of most of these genera as synonyms of Microascus (Morton & Smith 1963 , Guarro et al. 2012 . However, our current and recent phylogenetic results , Jagielski et al. 2016 showed the above-mentioned genera to comprise distinct lineages. Their genetic diversity correlates with subtle morphological differences, such as the presence or absence of hyaline or pigmented annellidic conidiogenous cells, unicellular or septate annelloconidia and/or solitary conidia with or without germ slits (Table 2) .
Interestingly, our study revealed that the genus Wardomyces is paraphyletic. Its species are distributed in three closely related lineages, with two species each. The morphological differences between these species (i.e., presence/absence of annelloconidia and/or septate solitary conidia) have previously led to the proposal to segregate Wardomyces into different genera (Morelet 1969) . However, we could demonstrate that these morphological features are not constant and thus we preferred to maintain Wardomyces s. lat. until more taxa can be investigated and the morphological evidence is properly understood.
Another controversial issue has been the current status of the genus Gamsia, which has been considered a synonym of Wardomyces by most authors , Seifert et al. 2011 , Whitton et al. 2012 . However, our results demonstrated that Gamsia constitutes a genetically distinct lineage basal to Wardomyces s. lat., being morphologically distinguished by the complexity of its conidiophores.
The genera Acaulium and Fairmania, with three and one species, respectively, have been reintroduced in this study. The phylogenetic data provided here agree with significant morphological differences for maintaining Acaulium and Fairmania as different from Microascus and Scopulariopsis, respectively, from which both genera had been previously considered synonyms. The decision about the most appropriate name for the synnematous genera Cephalotrichum and Doratomyces, considered synonyms by numerous authors, has been a matter of discussion for a long time (Hughes 1958 , Morton & Smith 1963 , Abbott 2000 , while Trichurus has been until recently considered as a different genus ). However, phylogenetic inference resolved a lineage comprising the Cephalotrichum lectotype suggested by Hughes (1958) , and followed by subsequent authors (Abbott 2000 , Seifert et al. 2011 , de Beer et al. 2013 . It also demonstrated that Trichurus species belong to the same lineage hence being congeneric with Cephalotrichum, as it was suggested by several authors based on morphological criteria (Hasselbring 1896 , Abbott 2000 . Our phylogenetic results confirm most of the species synonymies previously proposed by Abbott (2000) and also corroborate the chosen epitypes for several taxa.
Although Cephalotrichum has not been regarded as a human pathogen, several of the isolates included in this study were from clinical origin, particularly those belonging to C. asperulum and C. gorgonifer, mostly isolated from respiratory specimens. However, given the lack of clinical data concerning such isolates, no information on the actual pathogenic role of these isolates can be provided. Given the origin of the isolates and the common airborne dispersal method of these fungi, it is most likely that they were in fact colonisers or mere sample contaminants.
It is important to highlight the large number of reported taxa that could not be studied because of the lack of living cultures and consequently considered uncertain species. Given the usefulness and importance of combining morphological data with molecular phylogenetic studies to adhere to the requirements of the ICN (McNeill et al. 2012) , it is crucial for the progress of science to encourage all authors of fungal names to deposit live material in international culture collections for future studies. 
KEY TO TAXA INCLUDED IN THIS STUDY
Notes:
The original description and illustration of this species morphologically resemble C. columnare. However, C. acutisporum has slightly longer synnemata (120-820 μm tall) with dark, compact stipes. Synnemata in C. columnare are up to 500 μm tall with very narrow stalks. Type material or DNA sequence data were unavailable for study. Notes: This species was recently included in Cephalotrichum as a new combination for one of the two different fungi present in the holotype of Stysanus putredinis Corda (de Beer et al. 2013) .
The species is well circumscribed as "Doratomyces putredinus" in Morton and Smith (1963) and "Cephalotrichum putredinus" by Abbott (2000) for a white synnematous fungus exhibiting long chains of hyaline conidia. However, recently, Lackner & de Hoog (2011) designated an epitype for S. putredinis to fix this epithet under the new combination Parascedosporium putredinis, a 8a
Conidia 4.5-7.5 μm wide, coarsely warted, grey-brown . fungus producing larger conidia in slimy masses, and previously regarded as conspecific with Graphium cuneiferum by other authors (Hughes 1958 , Seifert 1985 , Abbott 2000 . Thus, as indicated above, given the confuse application of the epithet "putredinis" under two different fungal concepts, de Beer et al. (2013) were forced to choose a different epithet for the white fungus described by Morton & Smith (1963) and now listed in Cephalotrichum. Morphologically, C. album is dissimilar from other members of Cephalotrichum s. str., with white to pallid colonies lacking dematiaceous pigments and poorly developed, white synnemata. It is likely that it is related to another lineage of Microascaceae, and has considerable morphological similarity to species of Acaulium. However, no molecular sequence data is currently available for this species. , and no living material is available for a better morphological characterisation of the species.
Cephalotrichum cylindrosporum Y.L. Zhang & T.Y. Zhang, Mycotaxon 117: 209. 2011 .
The ITS sequence of the ex-type culture of this species (GenBank FJ914686) has a similarity of 100 % with the exepitype strain of C. stemonitis. However, these results do not match with the morphological characteristics described in the protologue of C. cylindrosporum, which has smooth conidia (5-6.2 × 2.5-32 μm) and lack of an echinobotryum-like synasexual morph. Unfortunately, the type material could not be examined after repeated request to the authors, and further studies are needed to assess the taxonomic position of this fungus. In any case, the epithet "cylindrosporum" can create confusion with the previously described species C. cylindricum. 
The protologue describes a fungus morphologically similar to C. purpureofuscum. However, in C. ellipsoideum the conidia are wider and have rounded apices (6-8.5 × 3.5-6 μm versus 5-8 × 3-4.5 μm with slightly pointed apices in C. purpureofuscum). Type material was unavailable for study.
